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1. Abstract  
Numerical simulations made with use of COMSOL and experimental studies of a new type signal connection of 
thermoelectrically cooled IR detector to associated electronics are reported. Flexible coplanar line was designed and used for RF 
signal transmission and DC detector supply as well. The comparison of thermal properties of the connections made by fabricated 
flexible coplanar line and a pair of typical 25 μm gold wires were described. Modeling and measurements of cooled IR detector 
surface temperature proved significantly lower heat load of flexible coplanar line than gold wires. Applying designed coplanar 
line assures lower operation temperature of IR detector and as a consequence lowers intrinsic electronic noise of the detector. 
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2. Introduction 
High performance infrared (IR) detectors operating in the short, middle and long wavelength range of infrared 
spectrum have found numerous applications in a wide range of modern optoelectronic systems [1]. The detectors and 
associated electronics are frequently integrated in miniaturized packages (Fig.1) called detection modules that 
consist of IR detector placed on the top of multistage Peltier cooler (Fig.2), temperature sensor, preamplifier and 
other components. The cooled IR detector chip must be connected to electronics with wide band RF links of a low 
thermal conductance to prevent excessive heat load to the thermoelectric Peltier cooler. 
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Fig. 1. Integrated miniaturized package of IR detector. 
 
Fig. 2. IR detector mounted on top of 4 stage thermoelectric Peltier cooler. 
3. Design and fabrication of flexible coplanar line 
The COMSOL modeling (finite element method) of heat transfer was used to design a new type of miniature 
microwave connection between thermoelectrically cooled IR detector and uncooled electronic. Coplanar line, 
formed by conductive layer of gold (100μm x 2 μm x 4mm and 300μm x 2 μm x 4mm) deposited on flexible 
polyimide (400μm x 50 μm x 4mm, Kapton foil) (Fig.3), was simulated. The flexible coplanar line was compared 
with the pair of 25 μm gold wires. IR detector joints were formed by balls of Sn. Both signal links have the same 
boundary conditions (cooling power, ambient temperature, electronics temperature, etc.). Simulations have shown 
better thermal properties of the flexible coplanar line in comparison to gold wires connection. Application of flexible 
coplanar line results in lower temperature of the cooled IR detector (some of 5K at -5 °C of IR detector operation 
temperature). At regular IR detector operation temperature (from -70 to -50 °C) the difference will be higher. 
 
 
Fig. 3. Thermal simulations of different signal connections of IR detector: (a) flexible coplanar line, (b) pair of gold wires. 
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Flexible coplanar line was fabricated using magnetron RF sputtering of Au/Cr on Kapton foil. Lift-off technology 
was used to form the pattern of the ground-signal-ground type coplanar line. The middle line has 100μm thickness 
and the ground separating gap was equal to 2 μm. The foil was cut into pieces forming separate lines of 4mm long 
(Fig.4). 
 
 
Fig. 4. Flexible connection - miniaturized coplanar line made of Au on Kapton foil. 
4. Measurements results 
To characterize the thermal efficiency of both signal connections (flexible coplanar line and gold wires) 
experimentally, the measurement stand with IR thermal imaging camera V60IR (Vigo) and vacuum chamber 
designed for cooled IR detectors test were set (Fig.5). The Peltier cooler placed inside the chamber was supplied by 
regulated current source. The embedded thermoresistor allows measuring actual temperature of the last, top stage of 
Peltier cooler. 
 
 
Fig. 5. The measurement stand for research of temperature distribution on detector surface. 
Two similar IR detector chips were mounted on the top of two-stage thermoelectric coolers. Fabricated flexible 
coplanar line and gold wires were fixed to detector surface and to the pads of the package. (Fig.6) than both IR 
detector modules were put inside vacuum chamber with Peltier coolers and supplied by the same current. To have 
uniform emission surfaces of both detectors were covered by black paint. Presented thermograms (Fig.7) prove that 
flexible coplanar line has higher thermal resistance. As a result the IR detector equipped with the line achieved lover 
temperature (-7.3 °C) than gold wire one (-5.6 °C).   
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Fig. 6. Top views of IR detectors mounted on the two-stage thermoelectric Peltier cooler with fixed 
a) flexible coplanar line,  b) pair of gold wires. 
  
Fig. 7. Thermograms of above IR detectors with a) flexible coplanar line,  b) pair of gold wires. 
5. Conclusion 
The new idea of connection of IR detector to associated electronics with use of flexible coplanar line was verified 
by numerical simulations made with use of COMSOL and by experimental studies with use of IR thermal imaging 
camera. Differences in reached IR detector surface temperature proved significantly lower heat load of flexible 
coplanar line than gold wires. Applying designed flexible coplanar line assures lower operation temperature of IR 
detector and as a consequence lowers intrinsic electronic noise of the IR detector. 
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